We have assessed gp110's functions during the virus life cycle using a mutant that lacks BALF4 (⌬BALF4). Exposure of various cell lines and primary cell samples of epithelial or lymphoid lineages to the ⌬BALF4 mutant failed to establish stable infections. The ⌬BALF4 virus, however, did not differ from wild-type EBV in its ability to bind and become internalized into primary B cells, in which it elicited a potent T-cell-specific immune reaction against virion constituents. These findings show that ⌬BALF4 viruses can reach the endosome-lysosome compartment and dovetail nicely with the previously identified contribution of gp110 to virus-cell fusion. Other essential steps of the virus life cycle were unaffected in the viral mutant; DNA lytic replication and viral titers were not altered in the absence of gp110, and ⌬BALF4 viruses complemented in trans transformed infected B cells with an efficiency indistinguishable from that observed with wild-type viruses. All of the steps of virus maturation could be observed in lytically induced 293/⌬BALF4 cells. Induction of lymphoblastoid cells generated with transiently complemented ⌬BALF4 virus led to the production of rare mature virions. We therefore infer that gp110 is not required for virus maturation and egress in 293 cells or in B cells. The ⌬BALF4 virus's phenotypic traits, an inability to infect human cells coupled with potent antigenicity, potentially qualify this mutant as a live vaccine. It will provide a useful tool for the detailed study of EBV-cell interactions in a physiological context.
Herpesvirus cell entry is a multistep process that includes virus binding and fusion with its target cell as well as transport of the viral DNA to the cell nucleus. It is mediated by the sequential interaction of viral glycoproteins with their cognate receptors in the various organelles and compartments of the target cells as recently reviewed (5, 20, 34, 35, 38) . Herpesviruses undergo fusion with different types of cell membranes. Herpes simplex virus 1 (HSV-1) classically fuses with the plasma membrane of its target cell, but an alternative infection route through the endosomal compartment may involve fusion with the endosomal-lysosomal membranes (6) . The EpsteinBarr herpesvirus (EBV) invades primary B cells after attaching to CD21, which sets off internalization and transport to the endosome within vesicles (30) . B-cell lines, such as Burkitt's lymphoma cell line Raji, however, differ from their primary cell correspondents in that both cell membrane binding and fusion take place at the plasma membrane surface (28, 36) . How EBV infects primary epithelial cells is less well documented, but fusion with the plasma cell membrane is the currently favored model (20, 31) . The extensive differences in the biochemical composition of plasma and endosomal membranes renders it likely that the process of fusion of these two membrane types with virions is mediated by distinct cellular or even viral interaction partners. Herpesvirus fusion with its target cells appears to be particularly complex and has been shown to require cooperation of several glycoproteins; the minimal set of glycoproteins required for EBV B-cell fusion in in vitro cell-cell fusion assays has been narrowed down to gp42, gH, gL, and gp110 (16) . Moreover, increased incorporation of gp110 in the viral membrane enhances the efficiency of infection by one to two orders of magnitude (31) .
We wished to improve our understanding of gp110's functions during the EBV life cycle in the context of a complete viral genome. We have therefore constructed an EBV BALF4-knockout genome (⌬BALF4) mutant using a bacterial artificial chromosome recombinant virus system (7) whose phenotypic traits we report here. In particular, we focused our attention on the ability of this mutant to infect a panel of human cells that belong to different lineages.
MATERIALS AND METHODS
Cell culture conditions. The 293 cell line was generated by transfection of the adenovirus type 5 E1a and E1b genes into human embryonic epithelial kidney cells (14) . This cell line shows neuroendocrine differentiation (37) . Raji is a human Burkitt's lymphoma cell line (33) . SVK-CR2 cells are SVK epithelial cells stably transfected with an expression vector containing the CR2 cDNA under the control of a retroviral promoter (27) . Peripheral blood mononuclear cells from peripheral blood buffy coats were purified on a Ficoll cushion as described previously (10) . CD19-positive B cells were isolated using M-450 CD19 (Pan B) Dynabeads (Dynal) and were detached from Dynabeads using Detachabead (Dynal). Cells were grown in RPMI 1640 medium containing 10% fetal calf serum. Primary sphenoidal sinus epithelial cells were obtained and cultured as described previously (11) .
Recombinant DNA plasmids. The 5,610-bp XbaI/SalI fragment from p91.D2, a plasmid that carries the EBV B95.8 HindIII D fragment (EBV B95.8 coordinates 146916 to 166486; accession number NC_007605) was subcloned onto pUC19 cleaved with XbaI and SalI to produce plasmid p2354. This plasmid contains the BALF4 gene (EBV B95.8 coordinates 156752 to 159322). A 1,694-bp fragment encompassing the BALF4 gene 5Ј region (EBV B95.8 coordinates 157589 to 159283) was excised from p2354 by restriction with NheI and BglII and Klenow polymerase treatment and exchanged against the kanamycin resistance gene cassette cleaved from the pCP15 plasmid by digestion with SacI and HindIII, followed by treatment with Klenow. The resulting targeting vector, p2529, was further linearized with BamHI and EcoRV to release a 5,321-bp fragment that was used for homologous recombination in recA ϩ Escherichia coli BJ5183 containing p2089. The latter plasmid comprises the wild-type EBV (EBV-wt) genome, the F-factor origin of replication, the chloramphenicol and hygromycin resistance genes, as well as the gene encoding green fluorescence protein (GFP) (7) . Double selection with chloramphenicol and kanamycin allowed the emergence of bacterial clones that carry the mutated viral genome. DNA from one of these bacterial clones was further transformed into a recA context (E. coli DH10B) to allow viral DNA amplification (21) . Plasmid DNA from antibiotic-resistant DH10B clones was then prepared and analyzed with the BamHI, EcoRI, EcoRV, and XhoI restriction enzymes to identify clones with the correct recombination pattern. Recombinant DNA from EBV-wt was digested in parallel as a reference. 293 cells were transfected with the properly recombined mutant viral DNA using Lipofectamine (Invitrogen) as described previously (21) . Selection of stable 293 cell clones carrying the EBV recombinant plasmid was performed by adding hygromycin to the culture medium (100 g/ml). Cell clones surviving selection were first assessed for GFP fluorescence, and then the positive clones were further expanded. The construction of the BALF4 expression plasmid p2670 has previously been described (31) .
The original BZLF1-tet-NGFR-GFP plasmid was previously described (2). We have exchanged the PvuII fragment containing an estrogen receptor-BZLF1 fusion against a PvuII fragment carrying the native BZLF1 gene (pB262). This plasmid contains three genes (those for BZLF1, GFP, and NGF receptor [NGFR] ) under the control of a bidirectional doxycyclin-inducible promoter. NGFR and GFP are separated by an internal ribosome entry site sequence. The pCMV-NGFR plasmid contains the NGFR gene cloned under the control of a cytomegalovirus (CMV) promoter.
Generation of virus supernatants and infections. 293/EBV-wt cells (that carry p2089) and 293/⌬BALF4 cells were lytically induced in six-well cluster plates by transfection of the p509 plasmid (0.5 g each per well) that carries BZLF1 (17) . Complementation of the mutant phenotype was performed by transfection of the BALF4 expression plasmid p2670 (0.5 g each per well). Plasmids were mixed with RPMI 1640 medium in a final volume of 100 l/well. Metafectene (Biontex; 3 l/g DNA) was diluted into 100 l RPMI medium and mixed with the diluted DNA. A total of 200 l of the mixture was added to the cells after a 20-min incubation at room temperature. The transfection mixture was left overnight on the cells and replaced by 2 ml of standard medium on the following day. Four days after transfection, supernatants were harvested, filtered (0.45 m pore size), and kept at 4°C until further use.
Primary B cells were infected at a multiplicity of infection (MOI) of 10 and seeded into U-bottomed 96-well microtiter plates at a cell density of 10 4 cells per well (two plates per supernatant). In each well, ␥-irradiated human embryonic lung fibroblasts served as a feeder layer.
Lytic cycle inductions in LCLs. Lymphoblastoid cell lines (LCLs) immortalized by EBV-wt or ⌬BALF4 virus were transfected by electroporation (250 V, 960 F, 4-mm cuvettes; Bio-Rad gene pulser) with pB262 that contains the BZLF1 gene under the control of a doxycyclin-inducible promoter and pCMV-NGFR. Transfected cells were immunostained with a mouse antibody specific to NGFR (a kind gift from E. Kremmer, Munich, Germany), followed by staining with a secondary anti-mouse antibody coupled to Dynabeads (Dynal). Purified cells were incubated with doxycyclin (0.5 g/ml final concentration) for 3 days.
Determination of viral titers and virus binding assay. Virus titers expressed as genome equivalents per milliliter were determined by quantitative real-time PCR analysis (qPCR) using primers and labeled probe specific for the BALF5 gene, which encodes the viral DNA polymerase as previously described (10); 25 l of filtered supernatants was treated with 10 U/ml of DNase I (Roche) for 1 h at 37°C, followed by inactivation of the enzyme at 70°C for 10 min. Viral DNA was then freed from virus particles by treatment with proteinase K (50 g/ml for 1 h at 50°C), which in turn was inactivated by heat treatment (20 min at 75°C). Lysates were used either undiluted or at appropriate dilutions before being assayed for qPCR. For virus binding assays, 2.5 ϫ 10 5 primary human B cells were incubated with filtered virus supernatants on ice at an MOI of 25 in a final volume of 1.5 ml. After 3 h, cells were washed three times with 1.5 ml of phosphate-buffered saline (PBS) and resuspended in 250 l of standard medium. Twenty-five microliters of this cell suspension was treated the same way as virus supernatants. However, after proteinase K treatment, cellular RNA was removed by treating lysates with DNase-free RNase A (20 g/ml for 1 h at 37°C). The resulting lysate was used directly for the determination of EBV copy number using qPCR.
Rescue of mutant EBV into E. coli. Circular DNA molecules were extracted from 293/⌬BALF4 cells using a denaturation-renaturation method (7, 15) . The integrity of the viral genomes transformed in E. coli clones was further assessed by restriction enzyme analysis.
Immunostaining and Western blot analysis. Cells were washed three times in PBS, dried on glass slides, and treated with pure acetone for 20 min at room temperature. Slides were incubated for 30 min with a purified mouse monoclonal antibody directed against EBV glycoprotein gp110 (anti-VCA-gp125, clone MAB8184; Chemicon) or gp350 (hybridoma 72A1; ATCC). Immunostaining with antibodies specific to the EBV immediate early antigen (EA) BZLF1 (clone BZ.1), EBNA2 (clone pE2), or the EA BMRF1 (anti-EA-D MAB818; Chemicon) was performed with cells fixed with 4% paraformaldehyde for 20 min at room temperature and permeabilized with 0.1% Triton X-100 for 2 min at room temperature. Slides were then washed three times in PBS and incubated for 30 min with a secondary goat anti-mouse antibody conjugated with the Cy3 fluorochrome (Dianova). After several washes in PBS, slides were embedded with 90% glycerol and immunofluorescence evaluated by using a fluorescence microscope coupled to a charge-coupled-device camera (Leica). Western blots for gp110 have been described (31) .
T-cell antigen recognition assays. T-cell antigen recognition assays were used to identify virus internalization in the endosome-lysosome compartment as previously described (1, 10) . Mini-LCLs were obtained by transformation of primary B cells with the mini-EBV, a recombinant plasmid that contains the EBV latent genes but not all lytic genes and therefore cannot enter the replicative cycle (22, 29) . Mini-LCL cells (1 ϫ 10 5 /well) were incubated with serial dilutions of viral supernatant and then fixed by treatment with 1% paraformaldehyde for 5 min at room temperature followed by extensive washings. T cells (1 ϫ 10 5 ) were then incubated with the infected B cells and placed in culture for 24 h. T-cell cytokines released in the culture medium following antigen-specific B-cell/T-cell interactions were quantified with an enzyme-linked immunosorbent assay system (R&D Systems). The CD4 ϩ T-cell clones specific for gp350 (clone 1D6) and gp110 (clone A9) have been isolated from EBV-seropositive donor 001 and cultivated as described previously (1) . These T-cell clones are HLA-DRB1*1301 and DRB1*0801 restricted, respectively.
Electron microscopy. Cells were washed in PBS and fixed with 2.5% glutaraldehyde in PBS for 20 min at 4°C. Samples were postfixed in 2% osmium tetroxide in cacodylate buffer for 1 h at 4°C, stained with 0.5% uranyl acetate for 16 h at 4°C, washed twice in distilled water, dehydrated in ethanol, and embedded in Epon 812. Thin sections were examined using a Zeiss electron microscope.
Gardella gel analysis. EBV-infected cells were loaded on an 0.8% agarose gel where they were lysed using sodium dodecyl sulfate as previously described (7, 21) . The full-length viral genomes were then separated by electrophoresis and submitted to Southern blot analysis. Viral DNAs were blotted onto a Hybond-XL membrane (Amersham) and hybridized with a 32 P-labeled DNA fragment specific to BamHI-W EBV (B95.8 coordinates 12001 to 15072).
RESULTS
Introduction of a BALF4 deletion in the EBV genome. We have used a genetic approach to determine the functions of gp110 at various stages of EBV infection. To this end, we have generated an EBV genome devoid of the BALF4 gene using a linear DNA fragment that comprises the kanamycin resistance gene flanked by sequences homologous to the BALF4 gene region as a targeting vector (Fig. 1A) . E. coli cells stably carrying the EBV-wt genome cloned onto a bacterial artificial chromosome vector were transformed with this targeting vector, and successfully recombined plasmids were selected by growing the bacterial cells in the presence of kanamycin. This resulted in a deletion of the first two-thirds of the BALF4 gene.
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DNA preparations thereof were subsequently submitted to restriction analysis with several enzymes that allowed distinction between wild-type and properly recombined genomes (Fig. 1B and data not shown). ⌬BALF4 mutant DNA was then introduced into 293 cells, and stably established clones were retrieved by hygromycin selection. Twenty of these clones were tested for their permissivity to EBV lytic replication by measuring the percentage of cells expressing the late lytic protein gp350 following transfection of the BZLF1 transactivator. Several clones were found to express gp350 in approximately 20% of transfected cells, and one of these was selected for further analysis (here referred to as 293/⌬BALF4 cells). To ensure that the structure of the mutant genome in 293/⌬BALF4 cells had not been altered by the successive manipulations, we transferred the viral DNA back into E. coli cells where it was analyzed by restriction analysis. The genome was found to be structurally intact (Fig. 1B) . Immunostaining and Western blot analysis of induced 293/⌬BALF4 cells with a gp110-specific mouse monoclonal antibody were negative, as expected ( Fig.  1C and data not shown). In contrast, 293/EBV-wt cells produced gp110 upon induction of EBV lytic replication (Fig. 1C) . The BALF4 gene is not required for DNA lytic replication and lytic protein production. We first assessed lytic gene expression and DNA replication in induced 293/⌬BALF4 cells. (Fig. 1D) . Thus, BALF4 does not appear to serve any function during DNA lytic replication. 293/⌬BALF4 cells produce properly assembled virus particles. We then examined ultra-thin sections of lytically induced 293/⌬BALF4 cells by electron microscopy. Intact virus capsids at all stages of maturation were readily visible in the nuclei of cells (17% A capsids, 41% B capsids, and 42% C capsids; percentages calculated from 300 capsids observed in 15 induced cells) ( Fig. 2A) . Induced wild-type cells taken as a positive control showed the following capsid distribution: 20% A capsids, 49% B capsids, and 31% C capsids (percentages calculated from 300 capsids observed in 13 induced cells). Fully assembled virions containing packaged viral DNA could be further identified in the cytoplasm of both mutant and wildtype cells (Fig. 2B) . From these observations, we inferred that 293/⌬BALF4 cells were very likely to deliver intact viral particles in the extracellular milieu. To further test this hypothesis, we first examined pelleted supernatants from induced 293/ ⌬BALF4 cells using electron microscopy (Fig. 2C) . Here again, mature viral particles that displayed normal morphological features were easily detected. Second, we determined the concentration of DNase I-resistant EBV DNA by qPCR in supernatants from lytically induced cells. This analysis unequivocally showed similar amounts of capsid-packaged EBV DNA in supernatants from induced 293/⌬BALF4 cells, 293/⌬BALF4-C cells, and 293/EBV-wt cells (Fig. 2D) .
⌬BALF4 viruses are no longer infectious. The previous set of data suggested normal maturation of ⌬BALF4 viruses in 293 cells. We further assessed ⌬BALF4 infectious properties by exposing various cell lines (SVK-CR2, Raji, 293) and primary cells (B cells and epithelial cells) previously characterized as sensitive to EBV infection to ⌬BALF4 viruses, to their complemented counterparts, or to the wild-type virus (Table 1) . Evidence for infection was sought by exposing target cells to UV fluorescence, with the exception of primary B cells that do not produce substantial amounts of GFP upon infection and were therefore stained for EBNA2 expression 2 days after infection. These assays failed to identify GFP-or EBNA2-positive cells after infection with ⌬BALF4 viruses. Positive controls (⌬BALF4-C virus, EBV-wt), however, showed normal infection rates (Table 1) .
gp110 is required for postbinding events. The finding that ⌬BALF4 viruses are noninfectious prompted us to determine at which step(s) EBV entry was blocked in the absence of gp110. Filtered supernatants from lytically induced 293/ ⌬BALF4 cells were therefore incubated with primary B cells on ice to allow binding of putative cell-free viral particles. We found no obvious difference in the numbers of ⌬BALF4 mutant and wild-type particles bound to B cells as assessed by electron microscopy (Fig. 3A) . In an attempt to quantify binding more accurately, we incubated supernatant containing ⌬BALF4 viruses with primary B cells and measured the number of EBV particles bound to the cells by qPCR. This assay demonstrated that binding was not impaired and even increased slightly compared to that of the wild-type virus ( 
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). This showed that binding to primary B cells is not dependent upon gp110 expression. We then monitored postbinding events by examining primary B cells exposed to ⌬BALF4 virus supernatants on ice and switched to room temperature for 20 min to allow infection. Electron microscopy revealed the presence of rare virions internalized into vesicles, suggesting that transport to the endosomal compartment was not impaired in the absence of gp110 (Fig. 4A) . We did not find evidence for a reduced frequency of internalization in the ⌬BALF4 mutant virus compared to that in wild-type viruses, but the paucity of these events precluded any meaningful statistical analysis. We sought additional support for this claim by monitoring the abilities of ⌬BALF4 virus particles to elicit activation of EBV antigen-specific T cells. B cells have previously been found to transport viruses bound to their surfaces to the endosomelysosome compartment, where viral structural proteins are subjected to proteolysis followed by presentation on major histocompatibility complex class II molecules to cytotoxic CD4 ϩ T cells. Activated antigen-specific T cells release soluble gamma interferon (IFN-␥), which can be quantified with an enzymelinked immunosorbent assay (1) . Thus, the ability of a virus to elicit activation of T cells and to cause release of IFN-␥ depends on its ability to enter the endosome. We found that the ⌬BALF4 virus activated gp350-specific T cells to the same extent as wild-type viruses did (Fig. 4B) . As expected, ⌬BALF4 viruses failed to elicit activation of gp110-specific T cells, an observation that further confirmed the absence of gp110 from these virions. We therefore conclude that internalization of EBV particles into the endosome was not affected in the absence of gp110.
EBV-wt-and ⌬BALF4 mutant-immortalized B cells produce low numbers of virions upon induction. The data gathered so far suggested that BALF4 is not required for virus maturation and egress in 293 cells. We wished to determine whether these observations extend to B cells. We therefore incubated primary B cells from the same donor either with supernatants from induced and transiently complemented 293/⌬BALF4 cells or with those from its wild-type counterparts, and the resulting cell lines were named LCL/⌬BALF4 or LCL/EBV-wt. ⌬BALF4 viruses do not carry the BALF4 gene; LCL/⌬BALF4 cells therefore represent a suitable tool to evaluate the BALF4 gene's functions. Induction of LCLs required expression of BZLF1 from an expression plasmid. However, direct transfection in B cells, or in LCLs, is very inefficient. We therefore cotransfected LCL/⌬BALF4 or LCL/EBV-wt cells with a plasmid that encodes BZLF1 from a doxycyclin-inducible bidirectional promoter and with a plasmid that encodes a truncated version of the NGFR under the control of the CMV promoter (2) . Cells that contained these plasmids could then be purified with an NGFR-specific antibody. We therefore added doxycyclin to LCL/⌬BALF4 or LCL/EBV-wt cells and evaluated lytic replication by immunostaining cells for BZLF1 and gp350. Ten percent of LCL/⌬BALF4 cells and 22% of LCL/EBV-wt cells were BZLF1 positive, and 0.2% of LCL/⌬BALF4 cells and 0.9% of LCL/EBV-wt cells stained positively for gp350, showing that these two types of LCLs support lytic replication with weak but comparable efficiency (Fig. 5A) . We then gauged viral DNA replication in the supernatants by qPCR. This assay evidenced a modest but significant fivefold increase in the concentration of DNase I-resistant EBV DNA upon induction of the lytic cycle (Fig. 5B) . Finally, 30 ml of supernatants from induced LCL/⌬BALF4 or LCL/EBV-wt cells was ultracentrifuged and pellets were examined by electron microscopy. Exceedingly rare mature virions could be identified in both types of supernatants (Fig. 5C ). 
DISCUSSION
EBV gp110, an envelope glycoprotein encoded by the BALF4 gene, shows marked structural homology to the gB proteins from other herpesviruses (8, 13, 32) . Both gp110 of EBV and gB of HSV-1 comprise a large extracellular domain, a hydrophobic domain of approximately 50 amino acids, and a short cytoplasmic tail (104 and 109 amino acids for gp110 and gB, respectively). Despite these genomic and structural similarities, gBs from different herpesviruses fail to complement the phenotype of EBV and HSV-1 gB deletion mutants (25) . This justifies independent studies of both gp110 and the other gB and their cognate cellular receptors.
Herein we report construction of a ⌬BALF4 EBV mutant and the description of its phenotype. Virus lytic DNA replication and lytic protein synthesis were unaffected by the BALF4 deletion. Virus maturation and egress, monitored by electron microscopy, were indistinguishable for mutant and wild-type viruses; viral titers in supernatants from 293/⌬BALF4 cells, 293/⌬BALF4-C cells, and 293/EBV-wt cells, monitored by qPCR, were very similar and perfectly compatible with efficient virion production. ⌬BALF4 virus infection was, however, strictly abortive in all tested target cell types. These included primary epithelial cells with squamous differentiation, primary B lymphocytes, and various cell lines of lymphoid and epithelial origin (Table 1) . Therefore, gp110 appears to be strictly required for target cell infection but not for maturation in 293 cells. These findings fit with our previous observation that overexpression of gp110 in 293/EBV-wt cells increases the efficiency of infection without altering viral titers (31) . We further attempted to identify the bottleneck in the ⌬BALF4 virus infection pathway. We found strong evidence for normal binding, virus uptake, and internalization into cytoplasmic vesicles, demonstrating that the infection block was located further downstream, presumably during transport from the endosomal compartment to the nucleus ( Fig. 3 and 4) . Such an assumption would fit with reported evidence that gp110 is essential for virus-cell fusion. In such a context, our data would indicate that fusion with both the plasma membrane and the endosomal membrane absolutely requires gp110.
Our data are congruent with the phenotypic traits previously ascribed to another BALF4 null mutant constructed in an LCL and from which no infectious virus could be recovered upon induction of the lytic cycle (19) . There is, however, a discordance regarding the mechanisms that led to a loss of the infectious potential; the present work reports efficient production of ⌬BALF4 viruses that are unable to complete a successful round of infection, whereas the authors of work describing the other BALF4 knockout suggested that gp110 plays an essential role during viral maturation (19, 26) . In the absence of gp110, these authors found that the viral replicative cycle was abortive at the stage of capsid formation and assembly (26) . This discrepancy can reflect the different cellular backgrounds in which these experiments were conducted (293 cells versus B cells). Clearly, the very high level of virus production in 293 cells relative to that in LCL cells very easily allows identification and characterization of virion progeny. We further readdressed this issue by infecting primary B cells with the ⌬BALF4 mutant or EBV-wt. The resulting LCL/⌬BALF4 cells or LCL/EBV-wt cells were induced to assess virus replication.
Both LCLs were found to produce gp350 upon induction; their supernatants contained DNase I-resistant linear viral DNA in equal amounts as well as rare virions (Fig. 5) . These results concur to indicate that the BALF4 gene is required neither for virus maturation nor for viral egress. It should, however, be stated that replication in LCLs is usually very weak and that we had to enrich LCL/⌬BALF4 or LCL/EBV-wt cells for plasmids encoding BZLF1 in order to obtain a visible level of lytic replication; attempts to induce LCL/⌬BALF4 or LCL/EBV-wt cells with tetradecanoyl phorbol acetate and sodium butyrate proved unsuccessful (data not shown). Altogether, we could find only one or two viruses per section from pellets formed after centrifugation of 30-ml supernatants from LCL/EBV-wt and LCL/⌬BALF4 cells. Clearly, such a low level of replication prevents any meaningful comparison in the efficiency of virus replication between wild-type and ⌬BALF4 viruses in B cells, and it is perfectly possible that, even if not absolutely required for virus maturation, gp110 plays an ancillary role during this process that could not be detected in our assays.
Further support for our results is provided by previous observations made with HSV-1 or pseudorabies viruses that showed that gB is not required for virus maturation (3, 4, 23) . However, it should be noted that HSV-1 and pseudorabies viruses appear to differ in that a double HSV-1 mutant lacking both gB or gH proteins shows impaired primary nuclear egress, whereas a pseudorabies virus carrying the same deletions displays perfectly normal virus maturation and production (9, 23) . Furthermore, human herpesvirus 8 (HHV-8) gB has been found to be essential for virus egress at 293T cell plasma membranes (24) . HHV-8 gB, however, was not required for HHV-8 capsid assembly or nuclear egress. A similar role has been ascribed to the C-terminal sequences of varicella-zoster virus; mutant viruses lacking the C-terminal 36 amino acids show impaired virus egress into the extracellular milieu (18) . Despite a high level of genomic homology, gB from different herpesviruses seems to serve highly variable functions during virus maturation (including none), irrespective of its membership in the different HSV subfamilies.
We further found that the BALF4 gene is not required for effective virion antigen presentation by infected B cells. We therefore conclude that sequestration of the virion within the endosome does not preclude mounting of an efficient immune response against its components. These data fit with a model that posits that some virion antigens, such as gp350, gp110, or the tegument protein BNRF1, are processed within the endosome-lysosome before being associated with HLA class II molecules and presented to CD4 ϩ T cells at the cell surface (1). It will be interesting to determine whether the trapping of ⌬BALF4 virions within the endosome as a result of a failed fusion might even enhance the amplitude of the T-cell response against capsid or core proteins that normally escape from the endosome to allow capsid migration toward the nucleus.
A potentially interesting consequence of the present work is that it is now in principle possible to induce a CD4 ϩ EBVspecific cytotoxic T-cell response with a noninfectious viral mutant. Such an attenuated strain would fulfill the safety criteria expected for a live vaccine. Whether the elicited T-cell response would be sufficient to induce protective immunity, however, remains to be seen.
